Abstract
Introduction

32
In recent years, the use of microalgae has attracted great interest as a means to produce those from oleaginous seeds and vegetable oils (Chisti, 2007) . In microalgae based 36 wastewater treatment, pollutants can be ecologically and safely removed through 37 microalgae assimilation, with the added benefit of biofuel production (Mehrabadi et al., This study explored aluminium (Al) based electro-flocculation to harvest microalgae.
71
The electrolysis products were characterized, and the relationship among harvesting 72 efficiency, surface charge, floc size and floc structure were investigated to reveal the Ohio, USA). The energy consumption was calculated as: was applied, it took 7, 6 and 4 min to achieve the maximum microalgae harvesting, 176 respectively (Fig. 3a) . However, the charge loading holds a similar shape at different 177 current densities. To remove 98% of microalgae cells, the charge loading was about to -12.7, -6.2 and -3.9 mV at the electrolysis time of 8 min, respectively (Fig. 3b) . 
Al consumption and charge loading 197
Al consumption is calculated and plotted against microalgae harvesting efficiency in was applied, the residual Al was 1.6, 4.2 and 4.9 mg L -1 at the harvesting efficiency of 203 98% (Fig. 5b) . 
Charge neutralization, bridging and bubble flotation 216
Charge neutralization is an essential step in microalgae flocculation, which decreases 217 energy barrier for microalgae aggregation (Hjorth and Jorgensen, 2012) . The AEPs
218
were positively charged over a wide pH range below 9.5, which gave them the 219 flocculation potential for negatively charged microalgae cells (Fig. 1b) . With the (Fig. 3b) . However, the higher current density could shorten the electrolysis 225 time of microalgae harvesting (Fig. 3a) , due to the higher rate of charge loading (Fig. S4 226 in the SI).
227
With the operation of charge neutralization mechanism alone, the optimum 228 flocculation often occurs at the point of total charge neutralization .
229
However, in this study, the zeta potential of microalgae cells was negative at the 230 optimum microalgae harvesting (Fig. 3c) , which indicated that the optimum flocculation 231 was already achieved before the cell surface charge was totally neutralized. The 232 operation of a potential "bridging mechanism" may favor microalgae flocculation. trap small microalgae flocs and bridge them into large ones (Fig. 2a) . Then, H2 bubbles 238 generated at the cathode entrap into these microalgae flocs (Fig. S3 in the SI), causing 239 them to float to the water surface where they can be easily collected. This "charge 240 neutralization-bridging-flotation" mechanism is illustrated in Fig. S6 in the SI. ( Fig. 2a and 3b) as the electrolysis time increased, which may be attributed to the 
Energy and Al consumption 251
Economic cost is often a major concern for the practical application of a method,
252
largely driven by energy and material costs (Dassey and Theegala, 2014) . In this study,
253
the use of higher current density resulted in quicker microalgae harvesting (Fig. 3a) .
254
However, the application of higher current density in an attempt to speed up microalgae 255 harvesting may not be economically efficient, due to the greater energy consumption. To the harvesting efficiency of > 80% (Fig. 4b) . Thus, it is not necessary to collect all the 
270
Charge loading was identified as the key factor of microalgae electro-flocculation
271
( Fig. 3b) , leading to the similar Al consumption at different charge densities (Fig. 5a ).
272
This is because that the amount of electrochemically dissolved Al is proportional to led to high residual Al in the culture medium (Fig. 5b) , which may cause negative 276 impacts due to its potentially toxic nature (Sinha and Mathur, 2016) . 
Water quality changes
278
In the electrolysis process, water pH and temperature are often increased because of the 279 hydroxyl formation and waste heat production (Harif and Adin, 2007) . However, due to 280 the low electric power input in this study, there were no significant changes in water pH 281 and temperature in the culture medium after microalgae harvesting (Fig. 6a) . Hence, it is 282 possible to balance microalgae harvesting and maintaining acceptable levels of water 
290
Following microalgae collection using electro-flocculation in this study, residual 291 phosphate in the medium was significantly decreased (Fig. 6b) , which potentially 
306
In this study, the cost of microalgae harvesting using Al electrolysis was estimated to 307 be 1.47 × 10 -3 US$ g -1 biomass, most of which was born on the material use (Table S1) .
308
Further studies are needed to optimize operation conditions to increase the electrode 309 utilization efficiency.
310
Despite the fact that Al electrolysis is an effective microalgae harvesting technique 
